These authors contributed equally to this work Aim: To investigate the predictive value of albumin (ALB) and γ-glutamyltransferase (GGT) in hepatocellular carcinoma (HCC) patients undergoing curative resection. We sought to establish a new scoring model for predicting the prognosis of HCC patients undergoing curative resection. Patients and methods: A retrospective analysis was performed in 303 HCC patients who underwent curative resection. Preoperative risk factors for survival were investigated using univariate and multivariate analyses. On the basis of significant factors, a prognostic scoring model was established. The overall survival (OS) and recurrence-free survival (RFS) were compared between different groups. Results: Multivariate Cox regression showed that preoperative decreased ALB levels and elevated GGT levels were significantly associated with poor OS and RFS. Multivariate analysis showed that ALB level, GGT level, portal vein tumor thrombus, and tumor number were independent prognostic factors for both OS and RFS. Thereafter, we established a preoperative prognostic scoring model combining the four risk factors. The results revealed that higher risk scores might mean worse OS and RFS. Conclusion: Preoperative ALB and GGT levels are potentially useful biomarkers for predicting the prognostic outcomes in HCC patients undergoing curative resection. Our new prognostic scoring model qualifies as a novel prognostic predictor for HCC patients after curative resection.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers and one of the most common causes of cancer-related deaths globally. 1 In China, it ranks as the second and third leading cause of cancer-related deaths in men and women, respectively. 2 Although there are many treatment options for HCC, liver resection remains the first-line treatment and is reasonably safe and effective for large HCCs and HCCs with microvascular invasion. 3, 4 Unfortunately, even after surgery, the long-term outcome of HCC patients is still dismal, with an estimated 5-year overall survival (OS) rate of 50%. 5 Alpha-fetoprotein (AFP), one of the first protein tumor markers, has been widely used and accepted since its discovery > 60 years ago. 6, 7 However, it has low sensitivity and specificity in predicting the prognosis of HCC and has no diagnostic value in small HCCs. 8 The tumor-node-metastasis (TNM), Barcelona Clinic Liver Cancer (BCLC), Cancer of the Liver Italian Program (CLIP), and Okuda staging systems have been commonly used in stratifying and assessing the prognosis of HCC. However, these staging systems have some limitations. TNM staging does not consider liver function, whereas BCLC staging is difficult to use for distinguishing patients with early or advanced HCC. 9 The Okuda staging system does not consider major vascular invasion. 10 The CLIP staging system has inadequate discriminative ability. 11 Therefore, an accurate model is needed to predict the prognosis of HCC patients after curative resection.
Serum albumin (ALB) and γ-glutamyltransferase (GGT) are two major indices of liver function. ALB is an indicator of nutritional status, whereas GGT is an indicator of the state of liver injury. As a nutrition indicator, ALB can stabilize cell growth and exert antioxidant effects against carcinogens. 12 Therefore, low ALB level not only indicates insufficient liver synthesis but also reflects a lack of protection against tumor growth. 13 GGT is an enzyme present in the liver, kidney, pancreas, spleen, and other tissues. To date, many clinical studies have reported a high level of GGT in patients with primary or secondary HCC and that elevated GGT levels could predict the prognosis of HCC. [14] [15] [16] Wu et al 17 reported that GGT was a significant prognostic factor and preoperative GGT level could predict the prognosis of patients with hepatitis B virus (HBV)-related HCC treated with curative liver resection.
The purpose of this study was to investigate whether ALB and GGT could be used as prognostic markers for HCC after curative resection over a long-term follow-up period. Moreover, we aimed to introduce a new scoring model based on preoperative serum ALB level, GGT level, portal vein tumor thrombus (PVTT), and tumor number, which are independent predictors in HCC patients, and to investigate the prognostic value of our new scoring model in HCC patients undergoing curative resection.
Patients and Methods
A total of 303 patients who were initially diagnosed with HCC after curative liver resection between October 2010 and July 2015 at the Department of Hepatobiliary Surgery of Shandong Provincial Hospital were enrolled in this study. Patients who met the following criteria were included in this retrospective study: (1) pathologically proven HCC, (2) no other treatments before surgery, (3) no other coexisting solid tumors and hematological diseases, (4) complete laboratory data and follow-up records, and (5) Child-Pugh grade A or B. This study was conducted in accordance with the Declaration of Helsinki. And the study was approved by the Ethics Committee of Shandong Provincial Hospital. All included patients provided signed consent for participation in the study. Written informed consent for the use of clinical data was obtained at the time of surgery. Clinical information was obtained from the medical archives.
Data Collection
For our study cohort, we collected the demographics, preoperative laboratory test results, and tumor-related characteristics, including ALB, GGT, sex, age, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total bilirubin (TB), Child-Pugh grade, hepatitis B surface antigen, AFP, liver cirrhosis, lymph node metastasis, PVTT, tumor size, tumor number, and TNM stage (according to the 8th American Joint Committee on Cancer staging system). All information was obtained from the hospital database and extensively reviewed. Routine examinations of these 303 HCC patients, including blood examination and imaging evaluations such as ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI), were performed within 4 days before surgery.
Follow-Up
After curative liver resection, patients were followed up every 3 months in the first 2 years and every 6 months thereafter. During the follow-up, routine physical examination, liver function tests, serum AFP level measurement, and abdominal ultrasound were conducted. When recurrence of HCC was suspected, abdominal enhanced CT scan, MRI, and positron emission tomography-CT were selectively performed. Patients with recurrence were treated with secondary treatments, such as surgery, hepatic artery embolization chemotherapy, and radiofrequency ablation. The primary end points were OS and recurrencefree survival (RFS). OS was calculated from the date of operation to the date of death or the last follow-up. RFS was calculated from the date of operation to the date of first recurrence or the last follow-up (for patients without recurrence).
Statistical Analysis
Statistical analyses were performed using SPSS 20.0 software (SPSS, Chicago, IL, USA). Data are presented as mean ± standard deviation. Categorical data were analyzed using the χ 2 test or Fisher's exact test. The optimal cutoff points of ALB and GGT were measured using X-tile software. Univariate and multivariate Cox proportional hazard regression analyses were performed to determine the independent prognostic factors. Kaplan-Meier survival curves with log rank test were used to compare the differences between different HCC groups. The area under the receiver operating characteristic curve (ROC) curve (AUC) for the scoring model was calculated and compared with other prognostic predictors and other staging systems. A P-value of 0.05 was considered statistically significant.
Results

Patient Characteristics
A total of 303 HCC patients who underwent curative resection were enrolled in this study. Of them, 254 were men and 49 were women, with a male-to-female ratio of 5.18:1. The median age was 55 years (range 22-77 years). The median follow-up was 41 months (range 2-69 months). Of the 303 HCC patients, 85.81% (260 subjects) were positive for HBV infection. According to the TNM stage, there were 224 patients with stage I or II, 79 patients with stage III, and no patient with stage IVb HCC. Vascular invasion was found in a minority of patients (n = 45). In our study, there were 31 patients with type I PVTT (tumor thrombus in the segmental branches of the portal vein or above) and 14 patients with type II PVTT (tumor thrombus extending to the right or the left portal vein). The 1-, 3-, and 5-year OS rates in all patients included in our study were 86.8%, 60.7%, and 43.7%, respectively. The baseline clinical characteristics are presented in Table 1 .
Determination of Cutoff Values
The optimal cutoff values of ALB and GGT, which determined by OS, were established using X-tile software. The results of X-tile analysis revealed that the optimal cutoff points for ALB and GGT levels were 40 g/L and 75 IU/L, respectively. Subsequently, ALB level was stratified into ≤ 40 g/L or > 40 g/L and GGT level was stratified into ≤ 75 IU/L or > 75 IU/L for the subsequent analysis. The optimal cutoff values of ALT, AST, ALP, AFP, platelet count, and TB were used the cut-off value of hospital routine use.
Factors Associated with OS and RFS in HCC Patients
Prognostic factors affecting OS and RFS were analyzed. Univariate analysis revealed that AST, ALB, GGT, ascites, PVTT, tumor number, tumor size, and TNM stage were prognostic factors associated with OS. These factors were assessed using multivariate Cox regression analysis, which showed that ALB, GGT, PVTT, tumor number, and TNM stage could serve as independent predictors of poor OS ( Table 2 ). With respect to RFS, in univariate analysis, AST, ALB, GGT, ascites, PVTT, tumor number, tumor size, and TNM stage were correlated with RFS. All of these eight preoperative factors were entered into multivariate regression analysis. The results showed that ALB, GGT, PVTT, ascites, and tumor number were independent prognostic predictors of poor RFS (Table 3 ).
Survival Analysis
ALB was decreased in 131 of 303 patients (43.23%). A decreased preoperative ALB level was significantly DovePress associated with poor OS and RFS. The cumulative 1-, 3-, and 5-year OS rates were 98.4%, 75.8%, and 66.7%, respectively, in patients with high ALB level, which were significantly higher than those in patients with low ALB level (94.5%, 52.3%, and 43.7%, respectively) (P < 0.001, Figure 1A ). On the other hand, the cumulative 1-, 3-, and 5-year RFS rates were 80.1%, 63.7%, and 54.1%, respectively, in patients with high ALB level, which were significantly higher than those in patients with low ALB level (62.9%, 36.7%, and 30.2%, respectively) (P < 0.001, Figure 1B) . GGT was elevated in 133 of 303 patients (43.89%). An elevated preoperative GGT level was significantly associated with inferior OS and RFS. The 1-, 3-, and 5-year OS rates were 94.5%, 78.3%, and 70.1%, respectively, in the low GGT group and 84.2%, 49.7%, and 38.8%, respectively, in the high GGT group (P < 0.001, Figure 1C ). The 1-, 3-, and 5-year RFS rates were 83.7%, 62.5%, and 54.3%, respectively, in the low GGT group and 63.2%, 34.4%, and 29.4%, respectively, in the high GGT group (P < 0.001, Figure 1D ). resection, we established a preoperative prognostic scoring model. In our study, we excluded ascites and TNM stage in the following analysis because the presence of ascites was not an independent prognosis factor of OS and TNM stage was not an independent predictor of RFS. Therefore, we established the prognostic scoring model by including four parameters (ALB, GGT, PVTT, and tumor number) in HCC patients undergoing liver resection. Each factor was given a score of 1 when abnormal, and patients were divided into five categories. Differences in OS and RFS stratified according to the new preoperative scoring model are shown in Figure 2 . The 5-year OS in patients with a score of 0, 1, 2, 3, and 4 was 80.1%, 69.6%, 53.2%, 28.7%, and 0%, respectively (P < 0.001, Figure 2A ). With respect to RFS, the 5-year survival for patients with a score of 0, 1, 2, 3, and 4 was 63.9%, 50.2%, 44.6%, 10.1%, and 0%, respectively (P < 0.001, Figure 2B) . A shown in the figure, the OS and RFS of patients with a score of 4 sharply decreased compared with those with a score < 4 and patients with a score of 0 had the best survival; however, no significant difference was observed between patients with a score of 3 and 4 in the RFS curve.
Construction of the Preoperative Prognostic Scoring Model
Comparison of Predictive Ability Between the New Scoring Model and Other Parameters and Staging System
The predictive value of the preoperative prognostic scoring model compared with ALB, GGT, PVTT, and tumor number was assessed using univariate Cox proportional hazard regression analysis (Table 4 ). We also included all of these parameters in ROC analysis (Figure 3 ). The predictive ability was compared using the AUC for OS ( Table 5 ). The AUC for the new scoring model was 0.696 (0.636-0.757), which indicates that the scoring model was the strongest predictor among other prognostic indicators (ALB, GGT, PVTT, and tumor number) of survival in patients with HCC.
We also compared our new scoring model with other commonly used staging systems, such as the BCLC, TNM, CLIP, and Okuda staging systems, through ROC curve analysis, and the results are shown in Supplementary  Table 1 and Supplementary Figure 1 .
Discussion
Our study was mainly focused on the diagnostic roles of ALB and GGT and systematically explored the prognostic roles of these biomarkers. We successfully established a novel and effective score model including ALB, GGT, PVTT, and tumor number, which were all independent prognostic predictors in our study. The Kaplan-Meier survival analysis showed that patients with higher scores had worse outcomes. Our simple and practical model could predict the prognosis of HCC patients and could be used to guide clinical decision making.
Notably, as a nutrition index, ALB reflects the protein synthesis function of the liver and is used for determining the albumin-bilirubin grade, which has been shown to P 0.001 P 0.001 19, 20 Moreover, the presence of ALB in serum reduces the phosphorylation of Rb proteins, suppresses tumor cell proliferation, and exerts antioxidant effects against carcinogens. 21 Recently, ALB has been shown to be not only a predictor of liver cancer but also a popular predictor of survival in many other malignancies, including colorectal cancer and renal cell carcinoma. 22, 23 With respect to GGT, it has been considered a biomarker of liver disease and alcohol abuse. 24 At present, increasing studies are investigating whether GGT plays an important role in predicting prognosis in HCC patients. 17, 25 The studies have shown that GGT may be associated with worse liver function by inducing DNA instability and subsequent oncogenesis. 26 GGT is also associated with inflammation, and some inflammatory factors are products of GGT. 27 Moreover, there is increasing evidence indicating that systemic inflammatory response plays an important role in cancer progression. 28 Our data showed that ALB and GGT are predictors for patients with HCC after curative hepatectomy over a long-term followup, and revealed that preoperative decreased ALB levels and elevated GGT levels were significantly associated with shorter OS and RFS.
B A
It has been demonstrated that recurrence after HCC removal is associated with tumor size, tumor number, major vascular invasion, and liver function status. 10 The results of our study are consistent with the abovementioned results and demonstrated that PVTT and tumor number were independent prognostic predictors of HCC. PVTT is a common complication indicating extremely poor prognosis in HCC patients, and approximately 40% HCC of patients have PVTT at diagnosis. 29 For HCC patients with PVTT, the treatments in the East and West are still controversial. In Western countries, the first-line management is nonsurgical treatment, such as molecular targeted therapy, transarterial chemoembolization, or ablation therapy. 30 Conversely, in China, an increasing number of studies have suggested that surgical treatments were more beneficial than nonsurgical treatments. [31] [32] [33] Therefore, multicenter studies with a large sample size are needed for selecting treatment for patients with PVTT. If a prediction model for HCC prognosis could be developed, it will provide clinicians better treatment recommendations. Thus, from the results of multivariate analysis, we established a simple preoperative prognostic scoring model with an AUC of 0.696, which is superior to the AUC of ALB, GGT, PVTT, and tumor number. Higher risk scores might predict shorter OS and RFS. However, no significant difference was seen between patients with a score of 3 and 4 in the RFS curves, which may be related to our small sample size. It is worth mentioning that our new scoring model is easily available. ALB and GGT are routine preoperative examination items and tumor number and PVTT could be obtained from preoperative imaging examinations. According to our new scoring model, the 5-year OS rates in patients with a score of 0, 1, 2, 3, and 4 were 80.1%, 69.6%, 53.2%, 28.7%, and 0%, respectively. Combined with the operational risk, complications, and cost of surgery, our new scoring model could help surgeons evaluate the surgical benefits and could provide further guidance for the choice of treatment for HCC patients. The higher the score, the worse the prognosis of the patient, which means that surgery would not be recommended.
However, the current study also has several limitations. First, selection, withdrawal, and other clinical biases were inevitable because our study had a retrospective design. Second, all data were collected from a single medical center and our sample size was small. For these reasons, large-scale, independent, prospective, and multicenter cohort studies are needed to validate the present results.
Conclusion
Preoperative low ALB level and high GGT level were associated with poor prognosis in HCC patients after hepatectomy. Our results confirmed that our new prognostic score qualifies as a novel prognostic predictor in HCC patients after curative resection.
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